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Intracranial Drug Administration 
in Alzheimer's Disease 



Robert E. Harbaugh, M.D. 1 



Introduction 



During the last decade there has been an 
explosion of information regarding the 
neurochemical activity of the central nervous 
system (CNS). The identification of numer- 
ous neurotransmitter, neuromodulator, and 
neurohormone candidates, and the elucida- 
tion of their roles in normal and pathological 
brain function, have vastly expanded the pos- 
sibilities for pharmacologic manipulation in 
the treatment of neurologic disease. 

Clinical application of this neurochemical 
information has, however, been plagued by 
difficulties with drug delivery to the CNS. 
Long-standing problems in clinical neuro- 
pharmacology include adverse systemic ef- 
fects of neuroactive drugs, peripheral metab- 
olism or inactivation of drugs, difficulties 
with blood-brain barrier penetration, erratic- 
drug absorption and binding by serum pro- 
teins, adverse effects at one level of the neur- 
axis to achieve therapeutic effects at another 
(e.g., sedation with narcotic analgesics), and 
problems with patient compliance. One can 
think of few neuroactive drugs where at least 
one of these problems is not clinically signifi- 
cant. In addition, a number of potentially 
therapeutic compounds may never reach 
clinical trials because of these problems. 

With implantable drug infusion devices 
and stereotactic neurosurgical techniques, 
the technology is available today to circum- 
vent all of the above difficulties. Direct infu- 
sion of drugs into the cerebrospinal fluid 
(CSF) bypasses the problems of systemic side 
effects, peripheral drug inactivation, poor 
drug absorption, serum protein binding, and 



PSYCHOPHARMACOLOGY BULLETIN 



blood-brain barrier penetration. Continuous 
or programmable drug infusion devices en- 
sure patient compliance. Regional drug infu- 
sions can obviate adverse effects at other 
levels of the neuraxis and it may, in time, be 
possible to infuse minute quantities of drugs 
directly into circumscribed areas of the brain 
parenchyma, thereby achieving neuroana- 
tomically precise pharmacologic manipula- 
tions of brain function. 

The rationale behind drug delivery to the 
CNS by central infusion and selection criteria 
for drugs for infusion will be briefly dis- 
cussed. Experience here with central drug in- 
fusion for patients with Alzheimer's disease 
(Harbaugh et al., 1984) will be used to illus- 
trate the application of this technology in a 
clinical setting. Potential complications of 
this treatment approach will also be dis- 
cussed. 
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Rationale Of Central Drug Infusion 

By and large, intrathecal drug administra- 
tion has not proven to be effective (Aird, 
1984). Therefore, the first question to be ad- 
dressed regarding central drug infusion is 
whether these drugs achieve adequate brain 
penetration. The answer to this question de- 
pends not only on the drug involved but also 
on the method of central drug administra- 
tion. 

Most clinical trials of central drug adminis 
tration have employed single or intermittent 
bolus injections into the subarachnoid space 
or ventricular system. Of all the ways to deliv- 
er drugs to the CNS, this is probably the 
worst. Single bolus injections result in very 
high CSF drug concentrations and relatively 
limited parenchymal penetration (Blasberget 
al., 1977; Lee et al., 1960). In additions 
single large bolus of drug is likely to be more 
toxic and less effective than more frequent 
smaller doses (Bleyer et al., 1978). However 
even with bolus administration, drugs wil 
penetrate the parenchyma and, as CSF is 
cleared by bulk flow, diffuse back into the 
subarachnoid space (Blasberg et al., 1977). In 
situations where high drug concentrations in 
the CSF or immediately adjacent parenchyma 
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| are desired (carcinomatous meningitis, spinal 
anesthesia/analgesia, chemical rhizotomy), 
bolus injections are effective. However, if 
deeper diffusion into parenchyma is necessa- 
ry, longer term infusion is preferable. 
Intravascular administration of drugs 

| which cross the blood-brain barrier shows a 
rapid onset of action due to the short circula- 
tion time and extensive vascuIar-CNS inter- 
face (Aird, 1984). However, drugs adminis- 
tered into the CSF require much longer for 
adequate diffusion into the parenchyma (Lee 
et al., I960). As the duration of central drug 
administration increases, the depth of paren- 
chymal penetration, even of large protein 
molecules, also increases (Brightman et al., 
1969). Therefore, to adequately evaluate the 

1 effectiveness of central drug administration, 
infusions must be carried out over a pro- 

| longed time. 

In addition to the duration of central drug 
infusion, the rate of infusion may be Impor- 
tant. Rates of infusion rapid enough to ele- 

( vate CSF pressure will result in increased CSF 

J absorption and therefore increase drug elimi- 
nation by bulk flow (Katzman et al., 1 970). 

The site of infusion within the central com- 
partment may also be of significance. Drug 
penetration into the parenchyma appears to 
occur more readily through the ependymal 

' than the pia) surface (Rail, 1968), and drugs 

I administered into the subarachnoid space 
may not enter the ventricular system (Yen et 
al., 1978). Therefore, intraventricular drug 
infusion is a more reasonable approach for 
achieving diffuse brain penetration than is 
lumbar intrathecal administration. Converse- 
ly, if one wishes to confine drug effects to the 
spinal cord with minimal effects at higher 
levels of the neuraxis, then intraspinal infu- 
sion may be beneficial (Coombs et al., 1983; 
Harbaugh et al., 1982). Thus, some relatively 

| restricted neuropharmacologic effects can be 

i achieved. Theoretically, with stereotactic 
cannula placement and very low flow-rate in- 
fusion devices, delivery of minute quantities 
°f drugs to very circumscribed regions of 
brain parenchyma is possible. 

| When evaluating the effectiveness of cen- 
tal drug administration, the choice of drug is 
a t least as important as the method of deliv- 
ery. The ability of a drug to cross the blood- 
brain barrier is more likely to be detrimental 
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than beneficial if the drug is given as a con- 
tinuous central infusion. Drugs which readily 
cross brain capillaries can be rapidly cleared 
from the CNS when infused into the CSF 
(Blasberg et al., 1975). The use of such drugs 
may be valuable if high local concentrations 
in tissue adjacent to the subarachnoid space 
or ependyma are desired. However, if deeper 
parenchymal penetration is the goal, then lip- 
id insoluble, polar molecules are better candi- 
dates for infusion (Blasberg et al., 1975). 

When considering drugs for long-term cen- 
tral infusion, chemical and biological stability 
become important criteria. For continuous 
infusion via an implantable pump, the infused 
drug must be stable at body temperature for 
at least as long as the cycle time of the infu- 
sion pump. In addition, if widespread diffu- 
sion of active drug into parenchyma is de- 
sired, then the drug infused cannot be rapid- 
ly metabolized within the CNS or CSF. This 
last consideration may not apply to local in- 
traparenchymal infusion where a steep con- 
centration gradient of active drug could be 
beneficial. 

Clinical Experience 

Our clinical experience at Dartmouth 
(Coombs et al., 1983; Harbaugh et al., 1982, 
1984) with implantable infusion devices for 
central drug administration may serve to il- 
lustrate some of the points raised above. The 
clinical studies referred to were approved by 
our institution's committee for the protection 
of human subjects and informed consent was 
obtained before instituting any experimental 
treatment trials. 

The evidence for the cholinergic hypothe- 
sis of Alzheimer's disease has been extensive- 
ly reviewed (Coyle et al., 1983) and need not 
be repeated here. If this cholinergic hypothe- 
sis is correct, then augmentation of brain 
cholinergic activity may ameliorate some of 
the symptoms in these patients. Previous at- 
tempts at increasing brain cholinergic activity 
by administration of acetylcholine precur- 
sors, cholinesterase inhibitors, or systemic 
cholinergic agonists had been attended by 
some of the difficulties with drug delivery to 
the brain which have previously been dis- 
cussed. Intracranial cholinergic drug infusion 
in patients with Alzheimer's disease was start- 
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ed as a means of testing the validity of the 
cholinergic hypothesis and as an attempt at 
therapy for a devastating neurologic disease 
with no known treatment. 

By delivering a muscarinic agonist into the 
ventricular system or cisterna magna, the 
problems of systemic drug inactivation, se- 
rum protein binding, and drug absorption 
are avoided. The use of an implantable con- 
tinuous infusion pump permits long-term in- 
tracranial infusion of drug or placebo on an 
outpatient basis and avoids any problems of 
patient compliance. Pump flow rates range 
from 1 to 2 ml/day, an insignificant amount 
compared to normal daily CSF production. 
Because of small daily drug (doses (0.05 to 0.7 
mg), systemic side effects are not encoun- 
tered. 

Bethanechol chloride, a pure muscarinic 
agonist, was chosen for infusion. The drug is 
a polar, water-soluble molecule which is not 
degraded by cholinesterases and is stable in 
solution. 

For patients with Alzheimer's disease, drug 
distribution to the hippocampi, locus 
ceruleus, reticular nucleus of the thalamus, 
and cerebral cortex was desired and, for the 
reasons described above, a drug which does 
not cross the blood-brain barrier when in- 
fused into the ventricular system was chosen. 

Potential Complications of Central Drug 
Infusion 

The potential advantages of central drug 
infusion have been discussed. There are, 
however, some potential disadvantages which 
require equal consideration. These include 
the operative risks of catheter placement and 
pump implantation, and the risk of increased 
neurotoxicity. 

As for any neurosurgical procedure, the 
risks of catheter placement and pump im- 
plantation include anesthetic complications, 
hemorrhage, and infection. Although all 
these risks are low, there is probably an irre- 
ducible minimum, and some complications 
must be anticipated. Our personal experience 
here with pump implantation now includes 
about 40 patients who have had pumps im- 
planted for various indications. We have en- 
countered no significant anesthetic complica- 



tions but have had one infectious and one 
hemorrhagic complication. 

The risk of neurotoxicity with intracranial 
drug infusions must also be considered. Cer- 
tainly, toxicity studies in animals are 
mandatory before considering intracranial or 
intraspinal infusion of drugs in patients. Al- 
though such toxicity studies decrease the risk 
of human neurotoxicity, some unexpected re- 
actions to drug infusions in patients are likely 
to occur. We have now been infusing 
bethanechol chloride intracranially in p a * 
tients with Alzheimer's disease for up to 20 
months. One patient developed a reversible 
parkinsonian syndrome of rigidity and 
bradykinesia and another developed a revers- 
ible (tSF inflammatory response which may 
or may not have been related to drug infu- 
sion (Harbaugh et al., 1984). Certainly, expe- 
rience with more patients infused for longer 
periods of time will be necessary before any 
accurate figures on the risk of neurotoxicity 
are available. However, to date, drug infu- 
sions appear to be well tolerated. 

The feasibility of intracranial and intraspi- [ 
nal administration of neurotransmitter ana- 
logues has been demonstrated (Coombs et al., 
1983: Harbaugh et al., 1982, 1984). How- 
ever, the value of these therapeutic endeav- f 
ors over presently available therapy remains [ 
to be proven. We are conducting studies of f 
the effect of intracranial bethanechol infu- { 
sion on activities of daily living and neuro- \ 
psychologic test scores in a double-blind, pla- t 
cebo-con trolled crossover design. Prelimina 
ry studies showed family reports of decreased I 
confusion, increased initiative, and improve- \ 
ments in activities of daily living during drug ; 
infusion but no subjective improvement in « 
short-term memory was reported. A battery \ 
of short-term memory tests has also not [ 
shown a statistically significant difference be- X 
tween drug and placebo scores. \ 

Almost certainly, the technique of central ■ 
drug infusion for neurologic disease is more * 
important than the outcome of any single j 
therapeutic trial. Neurologic disorders in \ 
which abnormalities of neurotransmitter ac-* 
tivity or availability are pathogenetically irn- 1 
plicated and structural damage to the CNS is I 
minimal, may prove to be the most fruitful ^ 
areas for the application of this technique. 
Movement disorders, epilepsy, and functional! 
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and psychiatric disease are obvious possibili- 
ties. Only time and further investigation will 
tell if this new approach for drug delivery to 
the brain will come to naught or herald a new 
era in neuropharmacology and functional 
neurosurgery. 
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